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474a Tuesday, February 28, 2012affecting the stability and kinetics of multiprotein complexes. Experiments and
simulations have shown that macromolecules increase the protein-binding af-
finity via the excluded volume effects, while the presence of attractive interac-
tions between proteins and crowding agents decreases the binding affinity.
Such competition between stabilizing effects by excluded volume and destabi-
lizing effects by attractive interactions can complicate the interpretation of ex-
perimental data on protein-protein interactions in a crowded solution as well as
in a living cell. Although theories based on the scaled particle theory have been
successful to describe the excluded volume effects on the protein-binding equi-
libria, no quantitative theory has been attempted to describe the protein-protein
interactions in a crowded solution with repulsive as well as attractive interac-
tions. Here we develop a quantitative theory for protein-protein interactions
in the presence of attractive crowding agents. Without any fitting parameter,
the theory describes very well the simulation data of the protein-binding affin-
ities for several protein complexes influenced by attractive crowding particles.
The theory provides further insights into understanding of in vivo macromolec-
ular crowding effects on protein-protein interactions.
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In cellular environments the total macromolecule concentrations can exceed
300 g/l. Such crowded conditions can significantly affect stability, kinetics,
and function of proteins. Previous studies on the effects of crowding have fo-
cused on the excluded-volume interaction. Recent studies with protein crow-
ders and cell lysates suggested that, in addition to excluded-volume
interaction, these crowding agents also have a soft interaction with the test pro-
tein chymotrypsin inhibitor 2 (CI2). The latter interaction has a comparable, or
even greater effect on CI2 folding stability than the former interaction. We have
developed a postprocessing method for modeling crowding [1, 2]. In this
method we simulate the end states (e.g., folded and unfolded states) of a protein
in a dilute solution and then calculate the free energies of transferring these
end-state conformations to a crowded solution. We thus bypass the slow tran-
sitions between end states, which have necessitated coarse-grained representa-
tions by others. The postprocessing method was applied previously [1-3] to
treat excluded-volume interaction, by either an insertion algorithm [1] or a the-
ory involving numerically calculated radius, area, and volume [4], with the test
proteins represented at the all-atom level. Here we treat the additional soft in-
teraction, by using a fast Fourier transform based algorithm. We use the new
method to study the total effects of protein crowders on CI2 folding stability
and compare the results to experimental data. The success in modeling both
excluded-volume and soft interactions of protein crowders is an important
step toward understanding the total impact of cellular environments.
[1] Qin & Zhou (2009) Biophys. J. 97, 12.
[2] Qin, Minh, McCammon & Zhou (2010) J. Phys. Chem. Lett. 1, 107.
[3] Dong, Qin & Zhou (2010) PLoS Comput. Biol. 6, e1000833.
[4] Qin & Zhou (2010) Phys. Rev. E 81, 031919.
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An energy landscape theory and corresponding algorithm has been constructed
to predict the mechanism of protein misfolding, in environments mimicking
those in the cell (see accompanying graphic). Energetic and entropic terms,
as well as solvation free energy, must be accurately accounted for in this phys-
icochemical rather than bioinformatic approach. The algorithm is capable of
predicting regions of protein that are thermodynamically prone to misfolding,
how mutations or altered cellular environment can affect the stability of these
regions, and how rationally designed small molecules or antibody therapies
can block misfolding pathways. Antibodies prepared against free peptides
that mimic these regions may be experimentally tested for selective affinity
in vitro, and these
epitopes can be vali-
dated in animal
models of ALS.
Mechanical stability
as probed in silico
using adaptively-
biased force simula-
tions support the
energy landscape
predictions, andthrough stability and metal affinity measurements, further show a remarkable
ability to predict the lifetime of ALS patients once neurodegenerative symp-
toms have been diagnosed.
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Collagen is an important structural biomolecule that is abundant in all animals.
Proper degradation and remodeling of collagen is crucial to an organism’s sur-
vival; moreover, excessive degradation of collagen is involved in many disease
processes such as atherosclerosis, cancer metastasis, and arthritis. While a num-
ber of studies have shed light on the mechanism of collagenolysis in solution,
the precise mechanism of collagen degradation in the native fiber remains mys-
terious. In this work, we use molecular dynamics simulations on a model of na-
tive collagen fibrils, obtained from recent fiber diffraction data, to understand
the mechanism of fibrillar degradation. Our data suggest that the unique colla-
genase cleavage site in native fibrillar state behaves much like it does in solu-
tions composed of tropocollagen molecules. In particular, in the fibrillar state
the region about the collagenase cleavage site can adopt two distinct conforma-
tional states - one where the atoms comprising the scissile bond are relatively
hidden and another state where the scissile bond is relatively exposed, or vul-
nerable, to collagenolysis. These data extends our previous work and suggests
that conformational flexibility plays an important role in determining the rate of
collagenolysis in collagen fibrils.
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When one wants to simulate the folding of proteins or the dynamics of intrin-
sically disordered proteins, atomistic simulations very soon become prohib-
itvely expensive. This is even more so when multiple unfolded proteins are
considered as for example in the case of amyloid formation. For these scenarios
coarse-grained models are required. Here we present a newly developed hier-
archic coarse-grained model which builds upon Langevin Dynamics. Using
this very efficient solvent-free simulation technique allows for more freedom
in the modelling than the united-atom-approaches with their still spherical
super-atoms. Here we show how we base the model of the protein backbone
on non-spherical building blocks with off-center bonds. By construction then
the allowed regions in the Ramachandran angle space are reproduced. Non-
local steric interactions, electrostatics, and hydrogen bonds form a second layer
and shift the secondary structure propensities according to the residue types.
We also demonstrate that poly-peptides form alpha-helical or beta-strand struc-
tures according to their amino-acid composition even when we start from ran-
dom initial configurations. This model can then be applied to efficiently
simulate the folding and association of multiple unfolded proteins like A-
beta or alpha-synuclein.
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Modern simulation techniques are beginning to study the dynamic assembly
and disassembly of multi-protein systems. In these many- particle simulations
it can be very tedious to monitor the formation of specific structures such as
fully assembled protein complexes or virus capsids above a background of
monomers and partially assembled complexes. How- ever, such analyses can
be performed conveniently when the spatial configuration is mapped onto a dy-
namically updated interaction graph [1]. On the example of Monte Carlo sim-
ulations of spherical particles with either isotropic or directed mutual
attractions we demonstrate that this combined strategy allows for an efficient
and also detailed analysis of complex formation in many-particle systems.
Some more examples illustrate how time-dependent many-particle agglomera-
tion can be visualized [2] or classified as either ordered or amorphous.
[1] F. Lauck, V. Helms, T. Geyer, J. Chem. Theory Comput. 5 (2009) 641
[2] T. Geyer, BMC Biophys. 4 (2011) 7
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A recent article by leaders in the high-throughput screening (HTS) field
(Macarron, et al., Nature Reviews Drug Discovery, 2011), emphasized that
